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Systemic lupus erythematosus is an immunologically 
mediated autoimmune disease which has been reported 
t o be aggravated by certain environmental agents such 
a s ultraviolet irradiation (UV). To further investigate 
t his interaction, we examined the consequences of UV 
exposure on the autoimmune process of several strains 
of autoimmune mice. Strains of age- and sex-matched, 
3- to 4-month old, autoimmune (MRL-lpr/lpr, (NZBx 
NZW)F~> BXSB) and nonautoimmune (BALB/c, B10.A) 
mice were shaved and exposed to an acute (2 h daily x 
7 days) and a chronic (3 h /weekly x 4 weeks) dose of 
U V (FS40 lamps, 2 mJ/cm2 /s) . UV-induced changes in 
survival, autoantibody production, splenic B -cell activ-
ity, and target organ pathology were examined . After 
an acute UV exposure there were (10/ 15) deaths in the 
U V BXSB males and (4/15) in the UV BXSB females, 
compared to (1/15) in the non-UV BXSB male group and 
(0 / 15) in the non-UV BXSB females . No deaths occurred 
in the other UV autoimmune or nonautoimmune groups. 
Likewise, chronic UV resulted in increased UV BXSB 
male mortality (13/15) compared to UV BXSB females 
(2 / 15) and non-UV BXSB males and females. No deaths 
occurred in the other autoimmune (MRL-Ipr/lpr, 
(NZBxNZW)F 1 ) or nonautoimmune (BALB/c, B10.A) 
strains, after chronic UV exposure. Equivalent doses of 
Mylar-filtered FS40 UV (UVB deleted) resulted in no 
deaths in the UV BXSB male group. Acute and chronic 
U V also resulted in a significant increase in serum sin-
gle- stranded DNA antibody production, splenic poly-
clonal B-cell activity, and renal glomerular inflamma-
tory changes in the UV BXSB male mice. Thus, UV 
resulted in premature death and accelerated autoim-
munity in UV BXSB males and may serve as a useful 
model for phototoxicity in autoimmunity. 
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Abbreviations: 
ANA: antinuclear antibody(ies) 
dsDNA: double-stranded DNA 
ETAF: epidermal thymocyte-activat ing factor 
IL-l: interleukin I 
PBMC: peripheral blood mononuclea r cells 
PFC: plaque formin g ce ll 
SLE: systemic lupus erythematosus 
ssDNA: single-stranded DNA 
TNP: I ,3,5-t.rinitrophenyl 
UY: ul t raviolet irradiation 
UY -DNA: UY-clenatured DNA 
Systemic lupus erythematosus (SLE) is an autoimmune dis-
ease of unknown etiology. There is considerable evidence that 
immunologically mediated mechanisms of tissue injury play an 
important role in the pathogenesis of SLE [1- 4] . Genetic, viral, 
and environmental factors all may inf1uence the development 
and progression of SLE; however, t he deta ils of t hese interac -
tions are incompletely understood. 
One environmental agent t hat is believed to adversely affect 
the clinical course of SLE is ultraviolet irradiation (UV) 
[4- 9]. Al t hough there have been multiple reports in t he clinical 
medical literature linking previous exposures to UV to t he 
exacerbat ion of both skin lesions and the systemic manifesta-
tions of SLE, most information regarding the pathogenesis of 
t his effect is still circumstantial and anecdotal. In order to 
examine t his interaction in a more controlled manner, investi -
gators have utilized various murine models. 
A number of murine strains spontaneously develop an au-
toimmune syndrome resembling human SLE. These autoim -
mune strains have some features in common such as autoant i-
body production, hypergammaglobulinemia, and renal glomer-
ular di sease. However, like human SLE t here is some hete ro-
genity in the clinical manifestations and serologic abnormali -
ties between the various autoimmune stra ins. For example, 
NZB mice are cha racterized by anti-T -cell antibodies and 
Coombs-posit ive hemolyic anemia, whereas (NZBx NZW)F 1 
mice typically develop high serum ti ters of single-stranded 
DNA (ssDNA) an t ibodies and a progressive glomerulonephrit is. 
On the other hand, MLR-lpr/ lpr mice develop a disabling 
arthritis and a marked lymphadenopathy, with BXSB mice 
typically having ant ibodies to both ssDNA and double-stranded 
DNA (dsDNA) , immune complex glomerulonephrit is, and cor-
onary a rtery disease. 
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T an et al [10,11] reported that BALB/c mice immunized 
with UV -altered DNA and then exposed to whole-body UV, 
developed cutaneous and renal immune complex lesions resem-
bling those obse rved in SLE. Likewise a utoimmune 
(NZB x NZW)F 1 mice exposed to whole-body UV were reported 
to develop high serum tite rs of antinuclear ant ibodies (ANA) 
and anti -DNA ant ibodies [12] . Other investigators reported 
t hat UV -exposed fibroblasts from fetal NZB autoimmune mice 
demonstrated a higher frequency of chromosomal breaks, re-
arrangements, and morta li ty compared to fibroblasts from non-
autoimmune strains of mice [13- 15]. It has also been noted 
t hat UV -irradiated spleen cells from autoimmune stra ins of 
mice have a much higher incidence of DNA damage, release, 
and synt hesis, compared to normal strains of mice [16] . In 
contrast, Davis and P ercy failed to observe any change in 
survival or auto immunity in (NZB x NZW)F 1 mice exposed to 
whole-body UY [1 7]. In recent yea rs several new stra ins of 
autoimmune mice (BXSB, MLR-lpr/ lpr) have been described 
[18]; t hus we decided to examine what effect , if any, UV would 
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have on t he clinica l, immunologic, and pathologic parameters 
of the auto im mune process in these mice. We found that BXSB 
males were pa rt icularly sensit ive to the effects of acute and 
chronic whole-body UV exposure, developing immunologic ab-
normalities, acce lerated auto immunity, and premature death. 
MATERiALS AND METHODS 
Animals 
Autoimmune 3- to 4-month old BXSB, (NZBxBZW)F, and MRL-
Ipr/ lpr mice were obtained from the anima l breeding fac ilities of The 
Arthrit is a nd Rheumatism Branch , N IA DDK. BA LB/c and B10.A, 3-
10 4-mo nth old mice were obtai ned from The J ackson Laborato ry, Bar 
Harbor, Maine. 
UV Irradiation 
The do rsa l back region of a ll mi ce to be UV irradiated was shaved 
a nd t he anima ls we re exposed to a bank of 4 Westinghouse F'S40 la mps 
with an out.puL of 2.0 m-J /c m2/s hav ing 60% emi ssion in t he UVB 
portion of the UV spectrum (280- 320 nm ) as measured with an IL 770 
radiometer a nd a WB320 fi lt.e r. Animals received eithe r a n acute dose 
of F'S40 UV (2 h da ily x 7 days) or a chronic dose of F'S40 UY (1 h 3 
x weekly for 4 weeks). In addi t ion, in some ex periments, Mylar fil te rs 
we re u~ed to bl ock the FS40 UYB (280- :!20 nm ), a llowi ng the tra ns-
mi ss ion of only UVA (320- 400 nm ) a nd vis ible light (400- 760 nm). ln 
orde r to expose the animals to a n equiva len t. a moun t of radiant enerh'Y, 
4.7 h of Myla r-fi lte red FS40 UV was given for eac h hour of unfilte red 
FS40 UY. A da ily census was ta ken of a ll experimenta l groups. Ce rta in 
an imals were sacrifi ced fo r fun ctiona l and hi stologic study after UV 
irradiation. 
Serum Antibody and Spleen Plaque Forming Cello lo 1,3,5-
Trinitmphenyl (T N P) 
Before remova l of spleens for evaluation of PFC (plaque fo rming 
cell ) responses, mice were bled by ret roo rbital puncture under light 
ethe r anesthes ia . T he blood was a llowed LO clot at roo m temperatu re 
and the serum was sepa rated by centrifuga tion a t .500 g, and then 
stored a t -2o· c until assayed. A si ngle ce ll suspension was prepared 
from t he splee n by genLie teas ing, and t he cells were washed in balanced 
sa lt so lu Lion. T a rge t. e rythrocytes (sheep RBCs) fo r both the PFC assay 
and serum anti -TNP tiLers we re TNP coupled by the method of 
11itLenberg and Prall /19) . The PFC response was dete rmined by us ing 
the Cunnin gham and Szenberg /20] modification of t he J erne plaque 
assay. T he number of TNP- PF'Cs was determ ined for each a nimal and 
t he mea n ± SE was t hen ca lculated for eac h group. Background 
response>' obt a ined wit h uncoupled RBCs we re subtracted from exper-
imental va lues . Serum a nti -TNP antibody was measured for each 
animal in 96-well microLiter plates (Cooke Co., Alexandria, Virginia) 
hy pass ive hemagglu t ination using TN P-coupled sheep erythrocytes 
)21] sta rt ing with 50 111 of a 1:2 dilution of serum . The mean T NP Lite r 
was det.ermi ned for eac h group. 
Assay for A nt ibodies to ssDNA 
Antibodies Lo heaL-denatured ssDNA were measured by a previously 
desc ri bed mod ified ammonium sulfa te Fa rr assay /21- 23 ]. The reaction 
mi xtu re ( I 00 11ll contained 25 ng "H-Iabeled heat -denatured DNA 
(h uman KB DNA, 20,000 clpm / fl g) a nd 25 11 l of heat- inactivated test 
se rum in borate hulle r, pH 8.0. The mi xture wa~ incuba ted at 37•c for 
:10 min and overnight at 4 · c. An equa l vo l (I 00 11l) of 70% satura ted 
(NH,),S0 4 was added at o·c and incuba ted for I h , a nd the tubes we re 
centrifuged at 1000 !J fo r 20 min . One hu ndred microli te rs of supe rna-
tant were removed, and the con ta ined radioactivity was measured in a 
liquid sc inti ll ation counte r. Positive (old MRL-lpr/ lpr female serum ) 
a nd negative controls (BALB/c serum) with mean va lues of 78.7% a nd 
0.0% binding, respective ly, were run in duplica te wilh test sera. The 
data a re reported as 
01 13
. 
1
. Input cpm- :Z(cpm in 100 11 l supe rn atant) 100 10 I ll ( mg = X Input cpm 
Histology 
Kidneys we re removed a nd fix ed in 10% neutra l-bulle r formalin a nd 
6-11m sections were stained wi t h hematoxylin a nd eosin by standard 
tec hniques and exa min ed by li ght mic roscopy. At least 25 glome ruli o f 
each animal wece graded for inflammatory ce ll infiltrat ion and librinoid 
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changes by two "blinded" obse rvers as prev ious ly descc ibed [24 ]. Each 
animal was ass igned a glomerular infl ammation score (0 to 4+) and 
the mean ± SE score for each group was t hen determined. 
Sl,atistic,, 
T he tesl of sign ifica nce was determined usi ng t he sta nda rd two· 
sided /-test as desc ri bed elsewhere 125 ]. 
RESULTS 
Survival of Autoimmune and No nau.toimmun.e Mice After 
Acute UV Irradiation 
Fig 1 demonstrates t he survival of acutely UV -irradiated (2 
h of' UV dai ly for 1 week) autoimmune [BXSB, MRL-Jpr/ lpr, 
(NZBxNZW)F .] , and nonautoimmune (BALB/c, B10.A) mice. 
Ini t ially t here were 15 an imals in all groups. Most notable was 
the significant morta lity in t he UV -irradiated BXSB male 
group with only 5/15 surviving compared to 14/15 in t he non-
UV -irradiated male BXSB group. A few deaths were also noted 
in t he UV- irradiated female BXSB group (4/15). In contrast, 
t here were no deaths among the MRL-lpr/ lpr, (NZBxNZW)F1, 
BALB/c, or B10.A mice (males or females). No fur ther deaths 
occurred in any of t he groups in t he 2 wee ks following the 
ini t ia l 2-week observation period. Thus, t his acute dose of UV 
resulted in significant mortality in male BXSB autoimmune 
mice, when compared to several other autoimmune and non-
autoimmune strains of mice. Although at 3 months of age, male 
BXSB mice demonstrate increased levels of serum anti-ssDNA 
antibody, they a re not yet clinica lly sick, and autoimmune-
related deaths do not occur in BXSB males at this age. How-
eve r, an acute exposure to UV appa rent ly was able to ini t iate 
or exacerbate some lethal event(s) in BXSB males, and to a 
lesser extent in BXSB fem ales, which resul ted in premature 
death. 
SurvivaL of Autoimmune an.d Non.auloimmune Strains of Mice 
After Chronic U V Exposure 
Fig 2 illustrates the surviva l of both autoimmune [BXSB, 
(NZBxNZW )F., and MRL-lrp/lpr] and nonautoimmune 
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were 15 animals in each group. 
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F I G 2. The e iTecL of chronic UV on Lhe surviva l o f auLoimmune 
strain s of mice. T he UV -exposed groups received a chronic close of 
FS40 UV (1 h 3 t imes wee kly X 4 weeks) wiLh surviva l deLermined 0-
28 d ays post UV. The re were 1-5 a nima ls in eac h group. 
(BALB/c, B10.A) mice a fter chronic UV exposure (1 h of UV 
3 x week ly for 4 weeks). Aga in an even more dramatic increase 
in morta li ty was noted in t he ma le BXSB group after t he 
chr on ic UV exposure, with only 2 of 15 mice surviving during 
t he 4 -week peri od. Most deaths in t his group occurred between 
days 8 and 28 of t he UV exposure period. In cont rast, t here 
were 2 of 1.5 BXSB fema le deaths after this same dose of UV, 
and on ly 1 of 15 deaths were noted in each of t he non-UV-
irradiated male and female BXSB group . . No deaths occurred 
in the chronica lly UV- irrad iated MRL-lpr/ lpr, (NZBx NZW)F, 
(autoimmune) or t he BALB/c and B10.A (nonauto immune) 
mice. Thus, aga in the male BXSB mice suffe red s ignificant 
mortali ty when exposed to t hi s chronic dose of UV. 
The Lethal Effect of UV on BXSB Males is Induced by UVB 
In order to determine which portion of t he UV spectrum 
(UVB vs UVA) emitted by the FS40 lam p was most responsible 
for t he lethal effect of UV on ma le BXSB mice, we ut ilized a 
plas t ic Mylar filter which blocks out t he UVB portion of the 
FS40 UV spectrum , allowing UVA and vis ible light to be 
tran sm itted. Fig 3 demonstrates t hat t he un til tered FS40 UV 
was lethal for 8/10 male BXSB mice t hat rece ived 2 h of UV 
for 7 consecut ive days. However, male BXSB mice rece ivi ng 
an equivalent amount of Mylar-filtered FS40 UV (no UVB) 
had no deaths a fter 2 weeks. No deaths were noted in an 
un irradiated male BXSB group during t his same time period. 
Thus, t he UVB portion of t he UV spectrum is cri t ical in t he 
pathoge nes is of UV phototoxicity in t he male BXSB mice. 
Increased Serum ssDNA Antibody Levels in BXSB Mice After 
Acute or Chronic Doses of UV 
In BXSB mice, se rum ant ibody levels to ssDNA become 
increasingly elevated with t he progression of t he autoi mmune 
process [1 - 3]. This may be detected in an imals 3- 4 months of 
age . In addi t ion, male BXSB mice develop elevated levels of 
ssDNA ant ibodies at an earlier age t han do fem ale BXSB mice, 
which re!lects t he accelerated autoimmunity in t he male BXSB 
compa red to t he female. Fig 4 demonstrates the effect of an 
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FI G 4. T he effect of acute UV on serum ssDNA antibody levels of 
BXSB mice. Male and fe male BXSB mice were exposed to an acut e 
close ofFS40 UV (2 h daily x 7 days) a nd serum ssDNA a nt ibody levels 
we re determined using a modified Farr bi nd ing assay as p revious ly 
described. Data a re expressed as % binding. There were 10 animals in 
each group. 
acute dose of UV (2 h daily of FS40 UV for 7 days) on serum 
ant i-ssDNA antibody leve ls of surviving UV -irradiated male 
BXSB mice (6 su rviva ls out of 15 UV irradiated mice) compared 
to 10/ 10 unirradiated BXSB males, 10/10 UV -irradiated BXSB 
females, and 10/ 10 unirradiated BXSB fema les. T he sera were 
assayed individually and the mean values ± SD were deter-
mined fo r each experimenta l group. A significant elevation of 
53.5% (p < .001) in t he serum anti-ssDNA antibody levels was 
noted in t he survivi ng UV -irradiated male BXSB mice (6/ 15) 
measured 2 weeks afte r ini t iat ing an acute dose of UV compared 
to t he non -UV -treated BXSB males. This was in cont rast to 
no chan cre in t he ant i-ssDNA ant ibody levels in t he UV- irra-
diated BXSB fema les. Likewise , as shown in Fig 5, male BXSB 
mice that received a chronic dose of UV (4 survivors out of 10 
mice t hat rece ived 1 h of FS40 UV 3 X per week for 4 weeks) 
also had a significant increase of 48% (p < .001) in serum 
ssDNA ant ibody levels measured 2 weeks after chronic UV 
compared to t he non-UV BXSB males. A slight increase (8.3 %) 
in the ssDNA antibody levels was observed in t he UV -irradiated 
BXSB female group . Thus, over a relatively short period of 
ti me, both an acute and chronic dose of UV was capable of 
inducing increased levels of serum ant i-ssDNA in male BXSB 
mice. 
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FIG 5. T he effect. of chronic UV on serum ssDNA ant ibody levels 
of BXSB mi ce. Male and female BXSB were exposed to a chronic dose 
of FS40 UV ( l h :\times weekly X 4 weeks) and se rum ssDNA antibody 
levels were determined usi ng a modilied Fa rr binding assay as previ-
ously desc ri bed. Data are ex pressed as % bindin g. There were 10 
animals in each group. 
Polyclonal Activation of B Cells as M easured by Increased 
Sple1iic TNP-PFC in BXSB Mice after Exposure to UV 
As in human SLE, autoi mmune stra ins of mice a re charac-
te ri zed by B-cell hyperactivity, production of autoant ibodies, 
a nd immune complexes res ultin g in ma ny of t he pathologic 
lesions observed in target o rga ns such as t he heart and kidney. 
It is present ly un clea r whether thi s B-cell hyperactivity is a 
p rimary or seconda ry event in t he pathogenesis of SLE; how-
ever, it. does refl ect t he genera l progress ion of t he disease 
process. In order to dete rmine what effect, if any, UV had on 
B-ce ll activation, we exposed both male a nd female BXSB mice (15 animals/group) to equiva lent amounts of both Myla r-fil -
te red FS40 (UVB eliminated) a nd to un fil te red FS40 UV, t hen 
determined t he splenic pri ma ry T NP-PFC response as a meas-
ure of B-cell polyc lona l activation (Fig 6). The first obvious 
fi nding was t hat t he cont rol male BXS B group (non-UV ex-
posed) had considerably more TNP-PFCs t han t he cont rol 
female BXSB group (non -UV exposed) . This again may refl ect 
t he acce lerated state of auto immuni ty in t he male BXSB mice. 
After both a low (30 min da ily X 7 days) and a high (120 min 
da ily x 7 days) dose of FS40, increased numbers of T N P -PFCs 
were detected in t he splee ns of BXSB males wi th more t han a 
2- fold increase in T NP-PFCs noted afte r t he higher dose of 
UV (P < .001) compa red to t he cont rol BXSB male group. 
T hi s co rre lated wit h t he inc reased se rum T N P -ant ibody t ite rs 
observed in the BXSB ma les after UV (data not shown ). In 
cont rast , no increase in t he splenic T NP -PFCs was noted in 
the BXSB males irradia ted wi th eit her a low (140 min X 7 
days) or a high (480 min x 7 days) dose of Myla r-lit te red FS-
40 UV, thus implicating the UVB por t ion of the FS40 UV 
spectrum in t he UV -augmented B-cell polyclona l activation. 
Unli ke the UV BXSB males, female B XSB mice exposed to 
FS40 UV (30 m in X 7 days or 120 min X 7 days) had li t tle 
cha nge in t he numbers of splenic TNP-P F Cs. Likewise , Myla r-
fil te red FS40 UV had little effect on the BXSB female TNP-
PF C response. S imila rly, B ALB/c females has no significant 
increase in th e sp leni c TNP-PFC response a fte r FS40 UV . 
T hus, whole-body UVB but not UV A was able to augment 
polyclona l act ivation of BXSB male spleen cells as measured 
by increased numbers of spleni c TNP-PFCs. 
Glomerular Inflammation A fter UV 
T he kidneys of BXSB mice exposed to an acute dose of UV 
were removed a nd examined fo r pathologic a lte rations of the 
glomeruli. The glomeruli were graded and sco red for inf1am-
matory cell infil t ration a nd fibrin oid cha nges as previously 
desc ribed [24] . Kidneys from 10 a nimals in each group were 
examined. As noted in Fig 7, t he UV -irradiated BXSB males 
had a significant ly higher glomerul a r inflammatory score t han 
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FIG 6. UV -induced polyclonal B-cell activation in BXSB mice. 
BXSB male and female groups were exposed to either a low dose of 
FS40 UV (30 min daily x 7 days), a higher dose of FS40 UV (2 h daily 
X 7 days) or a low dose of Mylar-lil te red FS40 UV (140 min daily X 7 
days) or a higher dose of Mylar- fil te red FS40 UV (560 min daily x 7 
days) . The splenic T NP-PFC response was determined using a modified 
Jerne PFC assay and t.he mean ± SO of T NP-PFCs/106 spleen cells 
was determined for each group as previously indicated. 
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FIG 7. Renal inflamm atory sco re in UV-exposed BXSB mice. 
BXSB males and females were exposed t.o an acute dose of FS40 UV (2 h daily X 7 days) and kidn eys were removed, prepared for histologic 
study, and scored for glomerular in11ammatory changes as previously 
indicated. Kidneys from 10 animals in each group were examined. 
the non- UV -irradiated BXSB male group (p < .001) or t he UV-
irradiated BXSB female group . Fig SA illustrates an example 
of the glomerula r infl ammatory changes noted in UV -exposed 
BXSB males, wit h a dense in!l ammato ry ce ll in fi lt ration of t he 
glomeruli , cons isting mostly of monocytes wi t h a few neut ro-
phils and eosinophils. Likewise ma rked fibrin oid changes were 
observed in many of t he glomeruli of t he UV -exposed BXSB 
ma les, as illustrated in a typical example in Fig SB. 
DISCUSSION 
The role of UV on t he induction a nd exace rbation of SLE , 
has been t he subject of numerous clinical reports (5- 9]. Indeed, 
the American Rheumatism Association lists photosensit ivity 
as one of t he clinical criteria for t he diagnosis of SLE (4]. In 
order to fur t her investigate t his interact ion we studied t he 
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Ft G 8. A , lnfl a mma tor.v ce ll infil t rat ion o r glome rulus o r UV exposed 
BXSB ma le. B, Fibrinoid cha nges in the glome rulus o f UV exposed 
BXSB ma le. Magnifica tion X 250. 
effect of UV on the survival and di sease process of severa l 
strains of autoimmune mice. 
Various stra ins of mice such as NZB , (NZBxNZW)F., MRL-
lpr/ lpr, and BXSB spontaneously deve lop an autoimmune dis-
o rde r resembling human SLE. The clinical syndromes of t hese 
auto immune strains vary substantially, not unlike var iations 
observed in the human di sease. For example, a lthough NZB 
mice have a ma rked increase in lgM production and develop 
anti -T-ce ll antibodi es ea rly in life, the progress ion of t heir 
disease is very slow and death does not occur unt il 15- 20 
mon t hs of age. In contrast, MLR-lpr/ lpr mice have a rapidly 
p rogressive di sease characte ri zed by massive lymp hadenopathy 
and early death. Likewise, (NZBxNZW)F1 fema les often die at 
10 months of age wi t h membranoproliferative glomeruloneph-
r it is, whereas t he (NZBxNZW)F 1 males may live for 15- 20 
months. The oppos ite s ituation occurs in BXSB mice with t he 
males dying by 7 mont hs of age wi th progress ive auto immune 
disease and the females living for up to 24 months. We pur-
posely chose mature 3- to 4-month old mice in t his study in 
o rder to obse rve the effect of UV on animals with significan t 
ea rly-o nset autoimmuni ty JBXSB males, (NZBxNZW)F 1 fe -
males, and MRL-l pr/ lp r mice] and t he effect of UV on animals 
with mild late-onset autoimmuni ty [B XSB fem ales and 
(NZB xN ZW)F, males ]. 
The BXSB autoimmune strain is characte rized by Coombs-
pos it ive hemolytic anemia, ant ibodies to both ssDNA and 
dsDNA, immune complex glomerulonephritis, and co ronary 
arte ry disease [l - 3 J. Again these mice differ from other auto im-
mune strains and huma n SLE in t hat males a re more seve relv 
affected than fema les. Al t hough the male-predominant patte r;1 
of disease is in part due to a Y-c hromosome gene , t he cellular 
basis for abnormal immunorel-,TUl at ion in BXSB mice is unclea r 
(2] . The BXSB males develop spontaneous polyclonal B-cell 
activation [26], impaired in te rleukin 2 production by cultured 
T ce ll s [27], and a significant monocytosis [28]. 
The data prese nted in t hi s investigation demonstrated that 
both an acute and chronic UV exposure resulted in premature 
death ofthe :3- to 4- month-old BXSB males, with seve ral deaths 
in t he UV BXSB female group but no deaths in 2 other 
auto immune or nonautoimmune stra ins. Furt hermore, this le-
thal effect cou ld be abrogated by Myla r filtration of t he FS40 
UY, t hus implicating t he UVB portion of t he FS40 UV spec-
t rum in t he BXSB male deaths. 
S ince female BXSB mice develop auto immune disease much 
late r t han BXSB male mice, UV irradiation of t he older female 
m ice (whe n they are at t he same stage of di sease as younge r 
male mice) might also cause acce leration of di sease. H oweve r, 
in pre liminary experiments using 12-month -old BXSB fema les, 
no increased morta li ty was noted a fter an acute UV dose (data 
not s hown ). Studies using even older BXSB females wi th more 
adva nced auto immune disease may help furth er address t his 
question. 
A good index of di sease seve rit.v in auto immune BXSB mice 
is serum ssDNA ant ibody levels; t hus we measured se rum leve ls 
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of ssDNA antibody a fter both an acute and chronic dose of UV. 
After l week of acute UV a 53 % increase in t he ssDNA ant ibody 
level was noted in 6 of 15 surviving BXSB males with no 
change observed in the UV BXSB females. Likewise, chronic 
UV resu lted in a 48% increase in t he ssDNA antibody levels of 
4 of 10 surviving BXSB males with li ttle change in t he BXSB 
females . This was in contrast to the effect of UV on 
(NZBxNZW)F 1 female mice and MRL-lpr/ lpr fema le mice in 
which t he ssDNA antibody levels were actually decreased afte r 
UV (data not shown). Thus the serum ssDNA antibody levels 
reflected t he toxic effect of UV on BXSB males. In addition , 
we determined what effect if any UV had on polyclonal B-cell 
activity as measured by splenic primary TNP-sensitized RBC 
PFCs in BXSB mice after several doses of UV. It was found 
that BXSB males had almost a 2- fold increase in t he number 
of splenic TNP-PFCs after an acute dose of UV. Likewise t here 
was a corresponding increase in serum TNP titers in UV BXSB 
males (data not shown). This was in contrast to no increase in 
splenic TNP-PFCs in t he BXSB males after Mylar-fi ltered 
FS40 UV, agai n indicating a UVB effect . The BXSB fema les 
and BALB/c fem ales likewise had li tt le or no change in t he 
splenic TNP-PFCs a fter UV. 
BXSB mice like othe r autoimmune stra ins deve lop a severe 
glomerulonephritis with the progression of their disease [l -3]. 
We observed t hat whole-body UV resulted in increased inflam-
matory cell infil trates and fibrinoid depos ition in t he glomeruli 
of BXSB males. T he UV BXSB female group did not develop 
simila r severe acute glomerula r inflammatory changes. 
Previous investigato rs have reported t hat both cutaneous 
and systemic manifestations of SLE have resul ted from expo-
sure of SLE patients to t he UVB (280-320 nm ) portion of t he 
UV radiation spectrum [ 4- 8]. In particular, t he subset of SLE 
patients wi th t he Ro+ autoantibody has been reported to have 
a high incidence of photosensitivi ty [9]. T an and his coworkers 
have noted that mice immunized with UV-denatured DNA 
(UV -DNA) and then exposed to whole-body UV deve loped 
cuta neous and renal UV -DNA immune complex deposition 
simila r to that found in human SLE [10,11]. Likewise, UV 
exposure of (NZB x NZW)F1 mice resulted in a high incidence 
of ANA binding to epidermal ce ll nuclea r and increased serum 
ssDNA ant ibody [12]. Others have found that whole-body UV 
had li ttle effect on survival, serum ANA levels, or proteinuria 
in (NZBxNZW)F 1 mice [17]. Furthermore it was observed t hat 
feta l fibroblasts from NZB mice exposed to UV had reduce 
co lony formation and increased chromosomal fragili ty com-
pared to BALB/c stra ins, resulting in poor post UV regrowth 
and increased mortali ty in t he NZB fibroblasts which may be 
t he resu lt of defective DNA repair mechanisms [1 3- 15]. Other 
researchers have observed t hat lymphoid cells from all autoim-
mune stra ins of mice had increased DNA damage and cellular 
release of DNA compared to nonautoimmune strains [16]. More 
recently, Strickland noted decreased survival and decreased 
levels of se rum ssDNA antibodies in UV -exposed NZB/ N mice 
[29]. 
This investigation indicates t hat t he BXSB males, are par-
ticularly suscept ible to t he adverse effects of UV. It has been 
proposed by others t hat UV -induced exace rbation of SLE may 
be due in part to t he release of nuclear and cytoplasmic 
macromolecules from the UV -damaged skin which may in turn 
t rigge r or exacerbate the underlying autoimmune process in 
SLE [ 11]. r ndeed the action spectrum of UV -induced damage 
to nuclea r DNA in vivo includes wavelengths (both UVA and 
UVB) present in sola r UV radiation capable of reaching t he 
eart h's surface and penetratmg t he epidermis and upper derm is. 
Although there is ev idence t hat t his may occur, another possi-
bility is t hat potent cutaneous immunologic mediators may also 
be released or stimulated by UV exposure. We have recently 
reported t hat nonlethal amoun ts of in vivo and in vitro UV a re 
capable of inducing increased epidermal t hymocyte-activating 
factor (ETAF) and interleukin l (IL-l ) production from ep i-
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de rma l ce ll s and monocytes, respective ly [30,3 1]. Likewise, 
other investigato rs have a lso reported that inc reased IL-l / 
ETAF activity was found in t he se rum of UV- irradiated mice 
l32]. In addi t ion, we have recent ly observed that New Zealand 
white rabbits had a s ignifi cant febril e response 4- 12 h after a n 
acute UV exposure, acco mpan ied by inc reased se rum endoge-
nous pyroge n activity (to be published). S ince IL-l is able to 
a mplify many in1lammato ry responses including B-ce ll activa-
t ion l33], UV -augmented cutaneous and systemic IL-1/ETAF 
production may play a signifi cant role in UV exacerbation of 
the autoimmune process in SLE by furth e r a mplifying a n 
a lready hype ractive B -cell response . BXSB mice differ from 
other autoimmune stra ins by develop ing a progressive mono-
cytos is wit h monocytes accoun t ing fo r >90% of purified blood 
mononuclea r cell s (PBMCs) in 6-month-old BXSB males 
[28]; t he interaction o f' UV wit h t his la rge pool o f' circulat ing 
monocytes in the superficia l cutaneous blood vessels of BXSB 
mice may make t hese mice more susceptible to whole-body UV 
compa red to the other murine stra ins . Studies examining t he 
effect of increased qua nt ities of IL-1/ETAF on BXSB autoim -
munity are currently under way in our labo ratory. 
We wish to thank Ms. S hirley Sta rnes for her help in the prepa ration 
of thi s manuscript and Mr. Patrick Reeves and Mr. Cha rles Hoes for 
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